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REMARKS/ARGUMENTS 

Favorable reconsideration of this application, in light of the following discussion, is 
respectfully requested. 

Claims 1-6, 8, 9, 12-17, 21-26, and 28-35 are pending in the present application, 

In the outstanding Office Action, Claims 1-3,5, 9, 16, 17, and 28-30 were rejected 
under 35 U.S.C. §102(e) as anticipated by Leung et al. (U.S. Patent No. 6,653,718, 
hereinafter Leung ); Claims 4, 6, and 26 were rejected under 35 U.S.C. §103(a) as 
unpatentable over Leung in view of Gu et al. (U.S. Patent No. 6,551,901, hereinafter Gu); 
Claims 8, 12-15, 21-25, 31, 33, and 35 were allowed; and Claims 32 and 34 were objected to 
from depending from a rejected base claim, but were otherwise indicated as including 
allowable subject matter. 

Applicants thank the Examiner for the courtesy of an interview extended to 
Applicants' representatives on June 9, 2006. During the interview, differences between the 
present invention and the applied art, and the rejections noted in the outstanding Office 
Action were discussed. The Examiner acknowledged that Stober (which is incorporated by 
reference into Leung ) does not disclose the range of the average diameter of the insulating 
particles in Claim 1, and that the outstanding rejection would be withdrawn after a response is 
filed. Arguments presented during the interview are reiterated below. 

Applicants also thank the Examiner for the indication that Claims 8, 12-15, 21-25, 31, 
and 35 are allowed and that Claims 32 and 34 include allowable subject matter. Applicants 
note that Claim 9 depends from allowed Claim 8. Thus, Applicants respectfully request that 
the rejection of Claim 9 be withdrawn. 

With respect to the rejection of Claim 1 under 35 U.S.C. § 102(e) as anticipated by 
Leung , Applicants respectfully traverse this ground of rejection. Amended Claim 1 recites 
inter alia, "wherein an average diameter of the insulating particles falls within a range of 100 
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nm to 500 nm or a range of 100 nm to half a width of opening of the trench." Leung does not 
describe or suggest at least this element of amended Claim 1 . 

During the above-noted interview, the Examiner indicated that he was relying on 
Stober (U.S. Patent No. 3,634,558), which is incorporated by reference into Leung , to 
disclose the above-noted claim element. 

Col. 4, lines 55-57 of Stober discloses particles with diameters between 1.5 and 2 fi 
(or 1500 nm to 2000 nm). This is clearly greater than the claimed range of 100 nm to 500 
nm. 

Leung also incorporates by reference Preparation and Characterization of Spherical 
Mondisperse Silica Dispersions in Nonaqueous Solvents, by Helden et al. (hereinafter 
Helden). As a courtesy, a copy of this reference is submitted herewith. 

Applicants respectfully submit that Helden does not cure the above-noted deficiencies 
in Leung and Stober . Helden discusses the preparation of silica dispersions in alcohol. 
Helden is not directed toward a semiconductor device, and does not disclose or suggest a 
semiconductor device that includes "a particulate insulating layer filling at least a lower 
portion of the trench and comprising insulating particles, wherein an average diameter of the 
insulating particles falls within a range of 100 nm to 500 nm or a range of 100 nm to half a 
width of opening of the trench." 

Leung, at col. 3, lines 31-33 and col. 4, lines 40-45, describes that particles having a 
diameter equal to or larger than 100 nm are excluded. The purpose of the small insulating 
particles in Leung is to fill gaps smaller than 100 nm. 1 Particles larger than 100 nm are unfit 
for the semiconductor device of Leung . 

MPEP §2 163.07(b) states "The information incorporated is as much a part of the 
application as filed as if the text was repeated in the application, and should be treated as part 

1 Leung, col. 8, lines 60-63, and col. 1, lines 21-25. 
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of the text of the application as filed." However, Applicant notes MPEP §2141.02(VI), 
which states "[a] prior art reference must be considered in its entirety, i.e., as a whole , 
including portions that would lead away from the claimed invention. W.L. Gore & 
Associates, Inc. v. Garlock, Inc., 721 F.2d 1540, 220 USPQ 303 (Fed. Cir. 1983), cert 
denied, 469 U.S. 851 (1984)." 

As a whole, Leung excludes particles greater than 100 nm, and the disclosure of 
Helden is merely intended to add an explanation of how to make the smaller than 100 nm 
particles. 

Furthermore, MPEP §2131 states "The identical invention must be shown in as 
complete detail as is contained in the ... claim." Richardson v. Suzuki Motor Co., 868 F.2d 
1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir. 1989). The elements must be arranged as 
required by the claim, but this is not an ipsissimis verbis test, i.e., identity of terminology is 
not required. In re Bond, 910 F.2d 831, 15 USPQ2d 1566 (Fed. Cir. 1990)." Since Leung 
discloses that particles with a diameter greater than or equal to 100 nm are excluded from the 
particulate insulating layer of the semiconductor device, Applicants respectfully submit that a 
person of ordinary skill in the art would not read the combined disclosures of Leung and 
Helden as disclosing the claimed "wherein an average diameter of the insulating particles 
falls within a range of 100 nm to 500 nm or a range of 100 nm to half a width of opening of 
the trench." 

Furthermore, Applicants respectfully submit that a rejection under 35 U.S.C §102 is 
improper because the semiconductor device of Leung would have to be modified to disclose 
the claimed invention in as much detail as claimed. A proper rejection would be under 35 
U.S.C. § 103(a), and include an explanation, supported by evidence on the record, as to why a 
person of ordinary skill in the art would modify the semiconductor device of Leung to 
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include insulating particles with a diameter in the range of 100 nm to 500 nm or 100 nm to 
half a width of opening of the trench. 

Because Leung , even when considered along with the disclosure of Helden, does not 
disclose or suggest the identical invention in as complete detail as contained in Claim 1 , 
Applicants respectfully submit that Claim 1 patentably distinguishes over Leung . 

Furthermore, Applicants respectfully submit that Gu does not cure the above-noted 
deficiencies in Leung . 

In view of the above-noted distinction, Applicants respectfully submit that amended 
Claim 1 (and Claims 2-6 dependent thereon) patentably distinguish over Leung and Gu, taken 
alone or in proper combination. Applicants respectfully submit that Claim 16 is similar to 
Claim 1. Thus, Applicants respectfully submit that Claim 16 (and Claims 17 and 30 
dependent thereon) patentably distinguish over Leung and Gu, taken alone or in proper 
combination, for at least the reasons stated for Claim 1 . 

Consequently, in light of the above discussion, the present application is believed to 
be in condition for allowance and an early and favorable action to that effect is respectfully 
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In two earlier papers (A. K. van Helden and A. Vro, 7. Colloid Interface Sci. 76, 418 (1980); 
78, 312 (I960)) light-scattering measurements of organophilic silica dispersions were reported. 
The preparation of these dispersions is described here in more detail. Organophilic silica disper- 
sions consisting of spherical particles of narrow size distribution were produced by a combination 
of two earlier described processes. Fust uniform silica particles were prepared by hydrolysis of 
ethylorthosflicatc according to the method of W. Stdber A. Fink, and E. Bonn (J, Colloid Interface 
Sci. 26, 62 (1968)). Then these particles were rendered organophilic by a coating reaction with 
stearyl alcohol according to R. K. tier's method (U. S. Patent 2,801,185). Stable dispersions with 
particle radius between 20 and 100 nm were prepared in various organic solvents, e.g. , cyclohexane, 
/i -octane, dicthylcthcr. The stability does not reduce upon storage in cyclohexane for more than 
1 year. A range of systems ts investigated with a number of common techniques in colloid research, 
e.g., electron microscopy, ultraccmrifugation, static and dynamic light scattering. The results can 
be qualitatively explained in terms of an initially porous alcosol particle winch is dehydrated to 
some extent in the coating reaction. At low concentrations especially in diethylether electro- 
static repulsion seems to occur. At higher concentrations this effect is not observed (van Helden 
and Vrrj, J. Colloid Interface ScL 78, 312 (1980)). 



I. INTRODUCTION 

Colloidal particles with well-defined size 
and shape and with narrow size distribution 
are of great importance in studies of con- 
centrated colloidal dispersions. It is our 
purpose to perform experiments with vari- 
ous kinds of particles — in particular in non- 
polar solvents — and to interpret their be- 
havior in terms of fluid state theories (1). 
We studied the light scattering of PMMA 
latices (2) and microemulsions (3) in ben- 
zene and more recently organophilic silica 
(4, 5) in cyclohexane. 

Among the large number of well defined 
inorganic dispersions that were recently dis- 
covered (6) silica was chosen for several 
reasons: 

(a) The retractive indices of amorphous 
silica and nonpolar liquids like chloroform 
and cyclohexane are rather close together 



so that multiple scattering can be mini- 
mized. 

(b) Stdber (7) reported a very elegant 
method of preparing monodisperse spheri- 
cal silica particles with sizes covering 
almost the whole colloidal range. 

(c) Colloidal silica was intensively inves- 
tigated in the last decades (8). In particular, 
a number of ways are known to render silica 
organophilic by coating the surface with 
small organic molecules, e.g., alkyl silanol 
compounds (8, 9). More recently it was also 
shown that polymeric chains could be at- 
tached to silica particles either by deactiva- 
tion of living polymer at the surface, e.g. 
(10), or by growing chains from initiating 
groups at the surface (1 1). 

Among the methods of surface modifica- 
tion we preferred the esterification with 
alcohols, because this method seemed ex- 
perimentally relatively easy. In particular 
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it could be easily applied in conjunction 
with the silica sols in alcohol (alcosols), 
obtained according to Stdber's method. 
The Si-O-C bond, formed after esterifica- 
tion with an alcohol, is chemically less stable 
against hydrolysis than the Si-O-Si bond, 
which is formed after reaction with silanes. 
Deuel et aL (12) showed, however, that the 
stability is satisfactory with large organic 
groups and dense surface coverage. 

In this paper we shall report more exten- 
sively than in (4) and (5) on our preparation 
of oiganophilic silica, and we shall go into 
more detail upon the characterization of 
these systems. Because this type of oigano- 
philic silica is not only important as a model 
system but might also find technical applica- 
tion (13), it seems expedient to us to include 
results of a larger range of investigated sys- 
tems. This accumulation of experimental 
data, however, must necessarily be con- 
sidered as incomplete and partly pre- 
liminary. 

D. EXPERIMENTAL 

1. Materials 

Absolute ethanol (Baker) and ammonium 
hydroxide, 25% (Merck) were of analytical 
reagent quality. Titrations indicated an am- 
monia concentration of 14.2 moles dm -3 . 
Ethylorthosilicate (Fluka) was of punim 
grade. Absolute ethanol and ethylortho- 
silicate were distilled immediately before 
use. Stearyl alcohol was supplied by Merck 
(technical grade) and Lameris (99.5%), and 
used without further purification. 

2. Characterization Techniques 

Transmission electron microscope meas- 
urements were performed with a Philips EM 
301 apparatus. Carrier grids covered with 
carbon-coated Parlodion films were dipped 
in a dilute dispersion and electron micro- 
graphs were taken of the particles retained 
on the film. Accurate results were obtained 
by prior calibration with grating replicas. 



Light-scattering intensity and light-scat- 
tering fluctuation spectroscopy and refrac- 
tive index increment measurements were 
performed as previously (4). 

Small-angle X-ray (SAXS) measurements 
were performed with a Kratky camera. The 
scattered intensity (CuATa radiation) was 
registrated photographically at diffraction 
angles between 0.00049 and 0.077 radians. 

Sedimentation velocity experiments were 
carried out in a Beckman Spinco (model 
E) analytical ultracentrifuge, using a 12-mm 
standard single-sector cell and an AN-D 
rotor at temperatures between 23 and 25°C. 
A series of consecutive pictures was taken 
of the Schlieren image of the samples. 

Density measurements were conducted 
at 25.10°C with a Precision Density Meter 
DMA 02C (Anton Paar KG, Austria). 

Surface area determinations were carried 
out by physisorption of nitrogen at 77°K 
with a Carlo- Erba sorptometric apparatus. 

The carbon and hydrogen content of the 
silica was determined gravimetrically. The 
sample was combusted at 800°C and the 
carbon dioxide and water were adsorbed. 
The silicon was determined as residual ash 
after pretreatment with H*S0 4 and HNO* 
combustion at 850°C. 

3. Alcosol Preparation 

Silica dispersions in alcohol (here called 
alcosols) were prepared according to the 
method of Stober (7). Ethylorthosilicate is 
hydrolyzed in a mixture of alcohol, am- 
monia, and water. Two types of reactions 
occur in the formation of silica particles. 
Silanol groups are formed by hydrolysis and 
siloxane bridges are formed by a condensa- 
tion polymerization reaction. Spherical 
particles are obtained when enough ammonia 
is present in the initial reaction mixture. The 
final particle size depends mainly on the 
initial water and ammonia concentration. 

Glassware was cleaned with 2% hydrogen 
fluoride, rinsed with distilled water and 
absolute ethanol. Ammonium hydroxide 
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and absolute ethanol were mixed in the reac- 
tion vessel. Then ethylorthosilicate was 
added and the reaction mixture was stirred 
at ambient temperature for 18 hours. The 
total amount of solution varied between 
0.2 and 3 liters. After an (invisible) hydro- 
lytic reaction, in which silicic acid is formed, 
the condensation reaction of the supersatu- 
rated silicic acid was indicated by an in- 
creasing opalescence of the mixture starting 
0.5-2 hours after adding ethylorthosilicate. 
No further change in turbidity was ob- 
served after 10 hours indicating that the 
final particle size was reached. In different 
experiments the particle size was reproduced 
within 20%. The opalescence of the alcosols 
did not change for at least a few months. 
After 1 year the turbidity markedly in- 
creased, probably due to aggregation of 
particles. 

4. Organophilic Silica Sols 

Her (14) reported a method of preparing 
organophilic silica by esterification of sur- 
face silanol groups with alcohols. To an 
aqueous silica sol he added a water-miscible 
alcohol and removed the water by distilla- 
tion. Then the substantially anhydrous alco- 
sol was heated to at least 100°C to effect 
surface esterification. Ballard et al. (15) 
showed that the degree of esterification in- 
creases with reaction time and temperature. 
He found for stearyl alcohol that a dense 
layer of aliphatic chains is formed when the 
reaction is carried out at 20CPC for 3 hours. 

With the Stdber process the silica is 
directly prepared in a lower alcohol (in our 
case ethanol). The reaction with higher alco- 
hols can be performed by simply adding it to 
the alcosol and distilling the lower alcohol. 
Preferably stearyl alcohol is added as a con- 
centrated solution in ethanol. The amount 
of stearyl alcohol was 3-5 times the silica 
weight. When necessary the water concen- 
tration in the beginning of the ethanol dis- 
tillation was lowered to 4.4% by dilution 
with absolute ethanol in order to remove 
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the water from the dispersion during the 
distillation process. Then the silica was 
esterified with stearyl alcohol at 180-200*0 
for 3 hours under nitrogen atmosphere. The 
silica was readily dispersable in cyclo- 
hexane, n-alkanes, chloroform, and tolu- 
ene. Stable dispersions were also obtained 
after esterification at 200°C for 40 min, and 
the stability did not change after prolonged 
heating (9 hours). 

5. Purification of Sob 

The separation of the silica frQm the large 
excess stearyl alcohol was achieved by a 
combination of vacuum distillation/sedi- 
mentation or by a combination of nitrogen 
flow distillation/sedimentation or by sedi- 
mentation alone. In the nitrogen flow dis- 
tillation, nitrogen gas is blown over the 
stearyl alcohol melt containing the silica 
(180°C). The stearyl alcohol vapor is car- 
ried along and crystallizes in the condenser. 
After distillation the silica was dispersed in 
cyclohexane and sedimentated in a prepara- 
tive ultracentrifugc (18,000 rpm). The super- 
natant with remaining stearyl alcohol was 
discarded. When the purification is per- 
formed by sedimentation alone the stearyl 
alcohol melt with silica was dissolved in a 
mixture of chloroform (60% v/v) and cyclo- 
hexane (40% v/v). Chloroform is used be- 
cause it is a good solvent for stearyl alcohol. 
Cyclohexane is added in order to increase 
the density difference of particle and 
medium, thereby increasing the sedimenta- 
tion velocity. The supernatant was again 
discarded and the silica sediment dispersed 
in cyclohexane. Two additional sedimenta- 
tion runs in cyclohexane were then carried 
out to remove all stearyl alcohol. 

When the organophilic silica was stored 
in concentrated dispersions in cyclohexane, 
the appearance was not changed after more 
than 2 years. The coated silica can be dried 
at 80°C for 24 hours under nitrogen atmos- 
phere without affecting its organophilic 
properties. Prolonged storage in air, how- 
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Flo. I. Radius of silica particles in ale© so is as a function of initial water and ammonia concentration 
determined with electron microscopy (three-dimensional plot). The ethyknthosilicate 
was 0.17 mole dnr*. The arrows indicate the lengths of the particle radii. 



ever* deteriorates its organophilic nature, 
probably due to hydrolysis or oxidation of 
the coating layer. 

III. RESULTS 
/. Alcosols 

Some preliminary alcosol preparations 
were performed in order to check the in* 
fluence of the ammonia and water concen- 
tration on the final particle size. Because 
we were particularly interested in particles 
in the range 10-100 nm, the ammonia con- 
centration was chosen below 4 moles dm" 9 
and the water concentration below 3 moles 
dm" 8 , in agreement with Stdber's recipe. 
The ethylorthosilicate concentration was 
0.17 mole dm" 8 . The results of particle size 
determinations with electron microscopy 
are shown in Fig. 1. The particle size was 
found to increase with increasing water and 
ammonia concentration. The particle radius, 
a EU , varied between 10 and ISO nm. (Ac- 
cording to Stober even particles with a radius 
of 500 nm can be obtained at still higher con- 
centrations of water and ammonia.) 

From the electron micrographs we also 
determined the particle size distribution as 
a function of average particle size. The 
standard deviation, A, expressed as a per- 



centage of the mean radius is shown in Fig. 
2. It decreases slightly with increasing par- 
ticle size. 

Hie influence of increasing initial ethyl- 
orthosilicate concentration was investigated 
at 0.82 mole dm" 8 ammonia and 2.5 moles 
dm" 8 water: a zu tends to decrease, whereas 
A increases. The particle shape becomes 
progressively irregular when the ethylortho- 
silicate concentration exceeds 0.2 mole 
dm"" 3 . In our further experiments we always 
used concentrations between 0.14 and 0.20 
mole dm~ 8 . 

Three dilute alcosols were also investi- 
gated with small-angle X-ray scattering. 
Differential volume distributions were de- 
termined according to Vonk (16) (method I). 
The results are presented in Fig. 3. Notice 
the high peak at a ~ 1 nm. It is not clear 
whether this peak originates from data proc- 
essing artifacts, or from real particle in- 
homogeneities with a short correlation 
length. From the right-hand-side peaks the 
standard deviation in the volume distribu- 
tion curve was determined. This parameter 
is comparable with A since the distribution 
is narrow. In Fig. 2 values of the standard 
deviation determined with SAXS are also 
shown. They are in reasonable agreement 
with the EM results. 
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Fig. 2. Standard deviation in the size of SiO* particles in alcosols as a function of particle size, deter- 
mined with electron microscopy (O), and with small-angle X-ray scattering (□). Prom electron micro- 
graphs 100-250 particles were counted. Also the results of electron micrographs of coated silica (•) 
are shown. 



One alcosol was characterized more ex- 
tensively. The sample was coded Sf, the 
asterisk denoting an un coated silica. We 
shall mention the results of dement analysis, 
nitrogen adsorption, density measurements, 
and light scattering. 

The silicon, hydrogen, and carbon con- 
tents of the sample were determined by 
element analysis after drying at 180°C for 
24 hours in vacuum. We found: Si = 42.7, 



H = 0.75, and C - 0.80 wt%. Assuming 
that the carbon originates from unhy drdyzed 
ethoxy groups, one calculates from these 
data that the particles contain: 91.5% silica, 
5.25% water, and 0.97% ethoxy groups. 

Nitrogen adsorption was measured at 
77°K, after drying the sample at 1WC in 
vacuum. The isotherm was analyzed accord- 
ing to the BET equation and with the stand- 
ard de Boer / curve (17). Also (cumulative) 




Fig. 3. Particle volume distributions in alcosols, determined with small-angle X-ray scattering. 
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S, 


s« 


St 


U 


C/% (w/w) 


14.68 


13.05 


12.66 


6.15 


2.82 


H/% (w/w) 


3.50 


3.13 


2.71 


1.89 


1.70 


Si/% (w/w) 


35.69 


37.05 


37.03 


40.10 








70.8 


79.1 


26.2 




Oo/10- w m» sec" 1 


11.0 


10.5 


9.15 


3.88 


2.66 


Jt/10"" tec 


6.81- 


8.34 


29.4» 


102 




a/g cm-* 


1.61 


1.65 


1.73 


1.78 




A# iD /10 T g moT" 


2.95 


3.74 


6.08 


121 




A#cv/10 7 g mo!' 1 


2.6 


3.4 




110 


290-390 


hp (A« » 546 nm) 


1.453 


1.449 




1.439 


1.437-1.445 


J?*/nm 


21 


21 




49 


75 


E/nm* 








11 


31 



Note. Contrast variation result! of Sr were publu 

• See Ret (31). 

* Measured in n- heptane. 

surface area and pore volume were deter- 
mined from the hysteresis of the adsorption 
and desorption isotherm according to (18). 
From the BET method a surface area of 
268 m* g~' was obtained. The /-plot analysis 
yielded 141 m* g* 1 and the cumulative sur- 
face area was 95.5 m s g~*. The /-plot analy- 
sis also showed that the sample contains an 
appreciable amount (—0.065 cm 3 g" 1 ) of 
ultramicropores , i.e., pores with size < 1.2 
nm. In such cases the BET method over- 
estimates the surface area and we think that 
the value of 268 m s g~* is too high. The de 
Boer / curve is valid for (hydr)oxide sur- 
faces. Our sample, however, may contain an 
appreciable amount of ethoxy groups at the 
particle surface, as indicated by the carbon 
content of the particles. Probably the value 
of 95.5 m* g~ l is the most accurate one. 

The density of St was determined in a 
dilution series with supernatant, obtained 
by centrifugating another portion of alcosol. 
The concentration was 0-12 g dm"*. The 
specific volume was, v = 0.534 cm" 1 g~\ 
which gives a density, 8 « 1.87 g cm" 8 . 

A light-scattering experiment and a re- 
fractive index increment determination were 
performed with Sf diluted with supernatant. 
Measurements were carried out 3 months 



in Ref. (4). 



after the alcosol preparation. The refrac- 
tive index increment (dnldc) *= 56.8 * 10** 
cm 3 g-> for wavelength, Xo * 436 nm. The 
light-scattering results were interpreted 
with the well-known equation (19), 

(1 + cos* e)XclR(K) 

= (i/Af)(l + * f *;/3)(l + 2A t c) [1] 

with 

X - iTr^dnldcnMN [2] 

where K = (4ir/i/Xo) sin (fill) is the scatter- 
ing wave vector, 6 is the scattering angle, 
c the particle weight concentration, R(K) 
the Rayleigh ratio (unpolarized light), M the 
particle molar mass, R m the radius of gyra- 
tion, A s the second virial coefficient, and 
N A is Avogadro's number. We found a 
high value of A, (* 1 .5 * 10* cm* g" 1 ), which 
is probably electrostatic in nature. M values 
were large compared with M 6D (see next 
section) but they are overestimated due to 
the large A*. 

2. Organophilic Silica 

A number of organophilic silicas were 
characterized with element analysis, nitro- 
gen adsorption, electron microscopy, static 
and dynamic light scattering, small-angle 
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X-ray scattering, iiltracentrifugation, and 
density measurements. The first three 
methods yield information about silica par- 
ticles in a dried state, whereas the latter 
methods refer to particles in the dispersed 
state. We shall report now on the results of 
the different methods. 

2.1. Element analysis. The samples were 
dried at 180°C in vacuum for 24 hours. The 
results (see Table I) show that the carbon 
content is different for different particle 
size, compare, e.g., with the molar mass 
Af SD . The substantial carbon content in- 
dicates that aliphatic chains are present at 
the particle surface. 

2.2. Nitrogen adsorption. From the ni- 
trogen adsorption isotherm the surface area 
was determined according to the BET equa- 



tion (5 BET ). The surface area was also de- 
termined from the de Boer t curve (£,) and 
from the hysteresis of the adsorption and 
desorption isotherm (5 CUM ). The S m and 
Scum values were in good agreement. Some 
S&et values are shown in Table I. It ap- 
peared that the t plots of sample S 5 and S u 
yielded a negative intercept. This might be 
attributed to the organophilic nature of the 
silica surface. The standard t curve is valid 
for (hydr)oxidc surfaces. For chemically 
different surfaces other / curves should be 
used (20). In none of the coated silica's an 
indication for ultramicropores was found. 

2.3. Electron microscopy. From electron 
micrographs the size, shape, and size dis- 
tribution of the particles were determined. 
In Fig. 4 the result is shown for three sam- 




0.1 p, m 0.5 |xm 1 \xm 

Fta. 4. Electron micrographs of samples S,, St, and St (from left to right). 
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Flo. 5. Particle radius distribution dau of S»; - 
obtained from electron microscopy. 

pies with increasing particle size. The 
spherical shape is well established for large 
particle sizes and the mean radius a KM (num- 
ber average) could be easily determined. 
For smaller particles (radius «=» 20 nm) the 
particle shape is irregular. This might be an 
artifact, because the particles seem to be 
crowded by capillary forces upon evapora- 
tion of solvent. In solution the particles are 
probably more spherical. The size of the 
particles was determined by measuring 
a KU » Viffli^jJ^Ot and*, being the long and 
short axis of the particle. The size distribu- 
tion is rather narrow (and symmetrical) for 
samples Sj and St, but becomes relatively 
broader for smaller particle size, see Fig. 5. 
The results for the standard deviation are 
shown in Fig. 2. It can be seen from Fig. 2 
that A does not change significantly after 
coating of the silica. We also investigated 

TABLE II 

Panicle Size of Organophilic Silicas (in nm) 



and S,; 



-. The histograms are 



the influence of radiation intensity. First a 
very low intensity was used and the elec- 
tronically amplified image was detected 
from a TV screen. Then the spot was radi- 
ated with a high dose and again an electron- 
micrograph was taken. All samples, which 
were measured showed a decrease in size 
upon intense radiation. Quantitative com- 
parison for the small particles was difficult 
because of the low contrast of the particles. 
Samples Si and St showed a shrinkage of 
approximately 5% in radius. This shrinkage, 
at least for St, cannot be satisfactorily ex- 
plained by decomposition of the coating 
layer. It seems therefore that the silica struc- 
ture itself shrinks as a result of radiation 
damage. This effect was also found for latex 
particles (21) and aluminum hydroxides (22). 
In Table II, a EM values determined after 
intense radiation are presented. 

2.4. Small-angle X-ray scattering. For 
samples S, and S 5> a SAXS experiment was 
performed. Values for ^saxs are presented 
in Table II. The St sample was dispersed 
in a mixture of cyclohexane and benzene 
(mole fraction benzene 0.65). The accuracy 
of the measurement of St was limited be- 
cause of particle sedimentation. The size 
distribution could not be determined. Sam- 
ple S» was measured in cyclohexane. For 
S 8 the method of Vonk (16) could not be 
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applied since the size distribution appeared 
to be very narrow. Direct comparison of the 
experimental intensity curve with calcu- 
lated intensity curves for different size dis- 
tributions (log normal type) yielded a stand- 
ard deviation in the radius of 6%. 

2.5. Dynamic light scattering. Dynamic 
light-scattering measurements were carried 
out with dilute dispersions in cyclohexane. 
For sample S 5 measurements were also 
carried out in « -octane and diethylether. 
The autocorrelation function, F(K, r) was 
determined for angles, 15° «s 6 «ss 135°. Ac- 
cording to the theory (23) the autocorrela- 
tion function for the fluctuations in the scat- 
tered light of noninteracting particles is 
given by 

F(K, r) ~ exp (-£r), (3] 

where K is the wave vector, r is the cor- 
relation time, { » 2D % K % 9 where D 0 is the 
diffusion coefficient. For each K the loga- 
rithm of the autocorrelation function was 
fitted with a quadratic function in r, and £> 0 
was found according to the usual cumulant 
method. For dilute dispersions the hydro- 
dynamic radius, n D , is related to D 0 by the 
Stokes- Einstein law, 

D 9 - k B T/6nva D , [4] 

where k B is the Boltzmann constant, T the 
absolute temperature, and tj is the viscosity 
of the medium. 

The value of D 09 measured at different 
angles, was slightly smaller for low values of 
scattering angle, 6. In Table I average D 0 
values are listed, which are determined by 
taking the best linear fit in a { versus K* plot. 
As a result of this procedure the average D 0 
is mainly determined by the scattering at 
higher angles. The results for S 8 in n -octane 
and diethylether are compiled in Table HI. 

2.6. Sedimentation. Sedimentation meas- 
urements were performed with dilute dis- 
persions in cyclohexane (S,, S», St), in 
n -octane and diethylether (S 5 ) and in n- 
heptane (S„). The results are presented in 
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TABLE UI 

Characterization of S, in Very DOute Dig portions, 
C < JI x Mr* gear* 



Dtaftyt. 

CydokniM *-OctaM *hm 



Af/10 T g mote- 1 


4.S 


4.4 




At/cm 4 g-' 


13 


14 




RJnm 


22 


24 




ZV10~» m» aoc-' 


1.05 


1.82 


2.9 


V10-" tec 


0.84 


1.30 


3.3 


M.o/tO'gmole- 1 - 


3.7 


3.7 


5.3 



• Calculated according to Eq. [3] with 0 - 0.609 
cm'g- 1 . 



Tables I and m. The molar mass A/go of the 
particle can be calculated from the diffusion 
coefficient, the sedimentation coefficient, 
j 0 , and the specific volume, b (=*5~ I )» of 
the particle (measured in cyclohexane) ac- 
cording to 

A/go - J#/CT/£>o(l - v6o), IS] 

where R is the gas constant, So is the density 
of the solvent. Data for do were taken from 
the literature (24). 

2.7.1. Static light scattering. Static light- 
scattering experiments with S* dispersions 
in cyclohexane and chloroform were done 
with dilute as well as concentrated solutions 
(4, 5). It appeared that at very low con- 
centration, c < 10~* g cm**, a relatively 
large second virial coefficient was measured. 
In order to investigate the light-scattering 
behavior of very dilute silica dispersions 
more accurately, dispersions of S* in cyclo- 
hexane, /i -octane, and diethylether were 
measured. The refractive index increments 
were experimentally measured in cyclo- 
hexane (14.6 • 10" 5 cm* g" 1 ) and in diethyl- 
ether (= 70 ♦ l<r 3 cm* g" 1 ), both for Ao 
= 436 nm. The value of dnldc in si -octane 
was calculated from the value in cyclo- 
hexane with the Wiener equation. The re- 
sults were interpreted according to Eq. [1]. 
Zimm plots are shown in Fig. 6 for cyclo- 
hexane and /i -octane (Xo = 436 nm). The re- 
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Ro.6.ZimmplotttfS,mcyck>lteAaiie(®^ - 2.5 x \0r u gcm"',^ - 436 nm, 

are K* -*> 0 extrapolated points. 

suits for Xo — 546 nm were similar. Data for maxima in the scattering intensity are found, 

Af , A,, and /?, are presented in Table in. see Fig. 7. At higher angles the angular de- 

The experiments in diethylether show a pendence is linear at the lowest concentra- 

complex behavior. At small concentrations tion but curved at higher concentration. We 

[ROO/fcclWcos' e|/f0 7 gmol* 1 

6r 




° 25 5 7.5 10 12.5 15 

— - kVio-W 

F>o. 7. Scattering curves of S, in diethylether O, c - 1.3 g dm- 1 ; c - 2.1 g dnr»: c - 4.7 a 
dm" 1 ; X, - 436 nm. 
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Fio. 8. (Juicier plots of fight scattering results of St dispersions in mixtures of cyclohexane and 
benzene • 546 nm). Tbc particJe concentration ii approximately 3.5 x 10"* g cm" 1 . The mole frac- 
tion benzene is O, 0.00; A, 0.20; ■. 0.26; 0.33; 0.49; O, 0.65. 



think that in dicthylcthcr strong electro- 
static interaction occurs, giving rise to long 
range ordering of the particles (25). How- 
ever, also in cyclohexane and /i -octane where 
the Zimm plots are regular we expect that 
the large value of A t is due to electrostatic 
interaction although less strong than in 
diethylether. 

2JJ2. Static light scattering. Contrast 
variation. With some dispersions we per- 
formed contrast variation experiments. The 
scattering power of the system is varied 
by changing the dispersion medium. Appli- 
cation of this method to conventional light 
scattering with St dispersions in cyclo- 
hexane-fra/u-decaline mixtures was previ- 
ously reported (4). Here we shall give some 
results with St and S* (in mixtures of cyclo- 
hexane- benzene) and S& (in mixtures of 
cyclohexane-/ra/u-decaline), together with 
the earlier reported Sr data. As an example 
the scattering intensity as a function of K s is 
shown in Fig~8 (sample Si). The curvature 
of the angular dependence in the low K s 
region reflects the presence of small amounts 
of clustered particles (4). The results meas- 
ured at high angles and extrapolated to 
K = 0 from high angles are interpreted ac- 
cording to Eqs. [6] and [7] derived in (4), 



nf l (R(K = 0V2O m 

« QntAtcv/XiN^^np - «o), [6] 
*l « *5o + E(n p - zip)- 1 , [7J 

where n p and n 0 are the (mean) refractive 
indices of particle and medium, Af cv is the 
molar particle mass (the subscript indicates 
determined with contrast variation), 8 is the 
density of the particles, /?* is the radius of 
gyration of the equivalent homogeneous 
particle, and E is a measure of optical 
density fluctuations within the particle. 

As can be seen from Eq. [6], n p and M cv 
can be determined from a plot of n*\R(K 
= 0y2Cy n versus n© when 6 is known. In 
Fig. 9 such a plot is shown for S,. There is 
quite a discrepancy in n p and Af cv values of 
St. The difference in slope between series 1 
and series 2 and 3 might be caused either by 
a different dispersion preparation or by 
aging of the silica. Series 1 was prepared 
by dispersing the silica in previously mixed 
solvents. Series 2 and 3 were prepared by 
dispersing the silica in pure cyclohexane and 
diluting the sol with benzene. Series 2 and 3 
were measured after dry storage of the par- 
ticles for at least 3 months. 

According to Eq. [7], R*> and E can be 
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Flo. 9. Square root of the scattering intensity at zero angle for St dispersions In cyclohexane- 
benzeoe mixtures (Ao - 546 oro). O, 1st series; #. 2nd series, O, 3rd series. 



obtained by plotting R* versus (* p - n Q )"K 
For St we found a linear dependence for 
each series with different n 9 yielding ap- 
proximately the same and E values. Por 
Sj and S 5 the experimental data were rather 
scattered and no E values could be deter- 
mined. Apparently the particle size is too 
small to perceive optical density fluctua- 
tions accurately. 

IV. discussion 

/. Preparation 

Alcosols can be prepared without difficulty 
in a rather reproducible manner. A critical 
step is the coating reaction . The silica changes 
from hydrophilic to hydrophobic and pre- 
cautions must be taken to avoid irreversible 
aggregation of silica particles in the inter- 
mediate stage. Such an irreversible aggrega- 
tion by siloxane-bridge formation between 
different particles is known from literature 
(8). It is important to keep the water concen- 
tration as low as possible just before the 
esterificatton reaction* because siloxane- 
bridge formation is retarded in a nonaqueous 
medium. It seems also expedient to keep the 
concentration of silica particles in the melt 



of the alcohol reagent not too high, in order 
to minimize interparticle contacts. This can 
be accomplished by adding sufficient stearyl 
alcohol. 

Although laborious, the purification of 
organophilic silica from excess stearyl alco- 
hol by ultracentrifugation is satisfactory 
for particles with radius larger than 50 nm. 
For smaller particles the centriftigation 
speed and/or time becomes large and the re- 
sulting sediment of silica is difficult to re- 
disperse again as individual particles. The 
nitrogen flow distillation seems an unattrac- 
tive alternative, because drying the silica at 
high temperatures might also promote ag- 
gregation. Further work has to be done to 
find a better manageable purification pro- 
cedure. 

2. Characterization Techniques 

Now we shall compare the particle size 
values, either directly measured with or cal- 
culated from different techniques, see Table 
II. Each method yields a different average 
of the particle size distribution. This effect 
is small, however, since the polydispersity 
is small for all samples. Hydrodynamic radii, 
a Df were calculated from diffusion coeffi- 
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cients according Eq. [4]. From the molar as silanol and water possibly trapped in the 
mass, Mso, and the particle density, a MfD , is particles during their preparation. The per- 
calculated a Hgx> = (3Af SD /4Tr6iV A ) ,/8 . From centage of silica is calculated from the sili- 
the radius of gyration of the equivalent con content. The sum of the percentages in 
homogeneous particle is obtained; Table IV do not precisely add up to 100 due 
on^ = (5/3) ,/l /?go* Also from the surface area to small errors in the analyses probably that 
S m and the particle density the particle of hydrogen. The density of the silica core, 
size can be determined: = 3/5^6. 8^, can be calculated from the density of 
The electron microscopy results appeared the total particle (see Table I) and of the 
to be quite small even when corrected for layer and the weight percentage of the layer, 
shrinkage (approximately 5%). Also SAXS We took 8^ - 0.77 g cnr* equal to liquid 
yields rather low values, but one should re- alkane chains. Similarly the refractive index 
call that the electron density difference be- of the silica core, n^, was calculated Be- 
tween solvent and organophilic layer is cording the equation of Arago and Biot 
negligible, rendering the coating layer in- (e.g., 27), that can be applied since n m 
visible. Hydrodynamic radii are expected » n^^. By extrapolation of the refractive 
to be largest, since they also measure solvent indices of homologous alkanes we found 
"bound" to the particle surface, fly^ should = 1,438 for A« « 546 nm. The density 
lie between a D and a SAX3f because the and the refractive index of the silica core 
density used to calculate a Mso is an average tend to decrease with increasing particle 
value of silica core and organophilic layer, size, see Table IV. The appreciable water 
Or* yield too large values especially for content, low density, and low refractive 
small particle sizes. We think this results index indicate an amorphous silica struc- 
from some (limited) aggregation (doublets ture. This is also confirmed by particle 
etc.), which has been reported earlier (5). shrinkage in electron microscopy, and for 

the alcosol particles by the ultramicropores 

J. Particle Structure found with surface area measurements. 

Comparison of SJ (8 « 1.87 g cm"*) and 
From the carbon content the weight per- S» = 2.10 g cm" 8 ) shows that the silica 
centage stearyl chains can be calculated, of the coated particles is more compact, 
assuming that all carbon originates from High E values for S 7 and S, indicate that the 
steaiyl chains. The associated hydrogen is periphery of the silica core is more compact 
then calculated and subtracted from the than the interior of the particle (4), 
percentage hydrogen in Table I. The remain- These phenomena as well as the decreas- 
ing hydrogen is attributed to water present ing density and refractive index with in- 

TABLE IV 



Calculated Results from CH Analyses, and Refractive Index and Density Measurements 





8. 


Si 


8a 


8. 


8. 


Stearyl chains/% (w/w)- 


17.S 


1S.S 


15.3 


7.4 


3.4 


Water/% (w/w) 


8.6 


7.9 


4.6 


7.4 


10.8 


SKV% (w/w) 


76.4 


79.3 


79.2 


S5.S 




Aeow/gcnr* 


2.13 


2.10 


2.26 


1.99 


1.89* 


*«*• (A. - 546 nm) 


1.462 


1.455 




1.440 


1.442 


Coverage/am* chain* 1 




0.20 


0.23 


0.15 





« Calculated as diatearyl ether. 

» Density of S, is assumed 5 - 1.80 g cm"*. 
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creasing particle size can be qualitatively 
explained. Her (8) suggested that the silica 
particles obtained by Stdber et al. (7) were 
formed by uniform aggregation of much 
smaller ultimate particles less than 5 nm in 
size. Our SAXS results of alcosols as well 
as the observed ultramicroporosity corrob- 
orate this suggestion. McMillan (28) found 
that the porosity of inner and outer regions 
of the particles could be changed depending 
on the reaction conditions. Freshly made 
particles obtained at 25°C were highly 
porous to nitrogen. Upon heating at 90°C the 
area determined with nitrogen strongly de- 
creased. In both cases, however, the area 
determined with OH" tons was the same. 
This indicates that upon heating the diam- 
eter of the peripheral pores decreases so that 
nitrogen could not penetrate* By heating the 
sol for a longer time at pH 10 the pores close 
further and some water is trapped inside. 
It seems likely that such siloxane-bridge 
formation also occurs upon evaporating 
the ethanol and during the coating reaction. 
At the periphery of the particle the water 
which is formed can escape leaving a com- 
pact silica structure. For (the interior of) 
relatively large particles, however, this be- 
comes increasingly difficult. As a result the 
mean density of large particles is lower and 
the density variation larger. 

The silica surface is covered with stearyl 
chains. This is evident from the good oigano- 
philic properties and the carbon content of 
coated particles. Straightforward calcula- 
tion of the surface coverage from the weight 
percentage stearyl chains and the surface 
area yields high values compared to the 
value reported by Ballard (15), 0.37 nm 3 / 
chain, see Table IV. The figure for St is even 
lower than the closest packing value («0.21 
nm*) for aliphatic chains (29). The dis- 
crepancy is explained by the surface rough- 
ness of the alcosol particle. Assuming the 
ultimate particles forming the silica particle 
are 2 nm in size (see Fig. 3), it follows that 
the real surface is approximately two times 
larger than the geometric surface area. Tak- 



ing into account this correction factor, rea- 
sonable agreement exists between the value 
of Ballard and our results. 

Alcosol particles are stabilized by elec- 
trostatic repulsion. The charge originates 
from silanol groups, which are relatively 
acid and dissociate in the presence of am- 
monia. During the coating reaction the 
charge density sharply decreases, because 
ammonia is evaporated and the particles are 
brought in a much less polar medium. When 
dispersed in diethylether again electrostatic 
repulsion dominates the particle interac- 
tions. In aliphatic solvents only very little 
charge can produce a considerable potential, 
which is hardly screened in the medium due 
to the low concentration of ions. These long 
range interactions were measured in cyclo- 
hexane and /i -octane at very low particle 
concentrations. At higher concentrations 
short range hard repulsions dominate (5). 
Albers and Overbeek (30) explained that at 
high concentrations the gradient of the po- 
tential becomes small since the particles are 
close together. In view of this we can under- 
stand that electrostatic interactions are 
negligible at high concentrations. 

We conclude that stable oiganophiHc 
silica dispersions can be prepared with par* 
tide radius between 20 and 100 nm and nar- 
row size distribution. The amorphous silica 
can be coated with a dense layer of aliphatic 
chains rendering it oiganophilic. Characteri- 
zation results can be qualitatively explained 
in terms of an initially porous alcosol par- 
ticle, which is dehydrated to some extent 
in the coating reaction. Surprising was the 
electrostatic repulsion in aliphatic solvents 
at low concentrations. 

ACKNOWLEDGMENTS 

The author* wish to Acknowledge Mr. H. Moa for 
performing dynamic light-scattering experiments, 
Mr. J. Suurmond for conducting uJtracentrifttgation 
experiments and Mr. J. Pfeters for conducting elcc- 
tronmicroscopy experiments. Mr. P. Elberse and Mr. 
A. C. Vcrmcuicn are thanked for carrying out nitro- 
gen adsorption experiments and for helping with inter- 
pretation. We are debtftil to Dr. P. van Hutten, State 

JovrnnJ qfCoQotdamd Interface Science. Vol. SI, No. 2, Ivm Iff) 



368 



VAN HELDEN, JANSEN, AND VRU 



University of Groningen, and Dr. C. Vonk, D. S. M. 
Geteen, for performing and interpreting SAXS ex- 
periments. We thank Mr. H. de Hck and Prof. P. L. 
de Bruyn for critically reading the manuscript, Mr. 
W. A. den Hartog for the illustrations, and Mrs. M. 
UH de Bui ten for typing the manuscript. 

REFERENCES 

1. Vrij, A., Nieuwenhuis, E. A., Frjnaut, H. M. v and 

Agterof, W. 0. M. t Discuss. Faraday Soc. 65, 
101 (1978). 

2. Nieuwenhuis, E. A. t vHtVrij, A.. J. Colloid Inter- 

face Sci. 72, 321 (1979). 

3. Agterof, W. O. M., Van Zomeren, J. A. J., and 

Vqj, A., Chem. Phys. Lett. 43, 363 (1976). 

4. van Helden, A. K., and Vrij, A.,/. Colloid Inter- 

face Sci. 76, 418 (1980). 

5. van Helden. A. K., and Vrtf, A. t J. Colloid Inter- 

face Sci. 78, 312(1980). 

6. MatQevic, E., Progr. Colloid Pofym. Sci. 61, 

24(1976). 

7. Stober, W., Fink, A., and Bonn, E. f J. Colloid 

Interface Sci. 26, 62 (1968). 

8. Iter, R. K. t "The Chemistry of Silica/* Wfley, 

New York, 1979. 

9. Boksanyi, L., Uardon, O., and Kovats, U.,Advan. 

Colloid Interface Sci. 6, 95 (1976). 

10. Paiw,E.,Morawski,J.C.,aiKlVldal.A..An^. 

MakromoL Chem. 42, 91 (1975). 

11. Laibie, R., and Hamann, K«, Advan. Colloid In- 

terface Sci. 13, 65 (1960). 

12. Deuel, H., Waitmann, J.. Hutschnecker, K.» 

Scbobiner, U., and Gttdel, C, Helv. Chim. 
Acta 42, 1160(1959). 

13. Her, R. K., Surface and Colloid Sci. 6, 77 (1973). 



14. Iter, R. K., U. S. Patent 2,801,185. 

15. Ballard, C. C, Broge, B. C, Iter, R. K., St. John, 

D. S., and McWhorther, J. R.,7. Pkys. Chem. 
65,20(1961). 

16. Vonk, C. O., /. Appl. Cryst. 9, 433 (1976). 

17. de Boer, J. H. t Linsen, B. O., and Osinga, Th. J., 

J. Catal. 4, 643 (1965). 

18. Wheeler, A., "Catalysis," Vol. II, Chap. 2. Rhom- 

boid Publ. Corp, New York, 1955. 

19. Kerker, M., "The Scattering of light and Other 

Electromagnetic Radiation.'* Academic Pleas, 
New York, 1969. 

20. Lecloux,A.,andPfrard,J.P.,/.CoOo<tf/m^ac« 

Sci. 70, 265 (1979). 

21. McDonald. S., Daniels, C. and Davidson, J., J. 

Colloid Interface Sci. 59, 342 (1977). 

22. Catone, D. L., and Manjevic, E.,7. Colloid Inter- 

face Sci. 48, 291 (1974). 

23. Berne, B. J., and Fecora, It, "Dynamic Ught 

Scattering.'* wUcy, New York, 1976. 

24. Johnson, B.L.,and Smith, J.,fn "Ught Scattering 

from Polymer Solutions" (M. D. Hughlin. Ed.). 
Academic Press, London, 1972. 

25. Doty, P., and Sterner, R. F.,/. Chem. Pkys. 19, 

774 (1951). 

26. Davydov, V. Y., Kiseter, A. V., and Zhuravtev, 

U T., Trans. Faraday Soc. 60, 2254 (1964). 

27. Heller, W.,7. Phys. Chem. 69, 1123 (1965). 

28. McMillan, D„ U. S. Patent 3591518 (1971). 

29. Rabinovitch, W., Robertson. R. F., and Mason, 

S. O., Canad. J. Chem. 38, 1881 (1960). 

30. Afters, W., and Overbook, J. Th. O., /. Colloid 

Interface Sci. 14, 501 (1959); ibid. 14, 510(1959). 

31. Kops-Werkboven. M. M., and Fftnaut, H. M., J. 

Chem. Phys., in press. 



Jcmmal ofCoUoid and tverfmce 5dr«rr. VcL SI. No. 2, Jum 19S1 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

J 

U BLURRED OR ILLEGIBLE TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

J3^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




